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Abstract. In 2005, the SIGMA Program (Mount Aconcagua
GNSS Research System) was implemented to investigate the
geodynamics of the Aconcagua mountain region in the Cen-
tral Andes. For this purpose, a continuously recording
GPS station, ACON, was installed on the summit of Mount
Aconcagua at 6.292ma.s.l. The installation required spe-
cial technology to support the equipment under extreme cli-
matic conditions. The power supply system was optimized
in 2008, so that a greater quantity of data could be recorded.
This, in turn, will lead to more accurate estimates of dis-
placement of the Aconcagua peak. Preliminary results from
the ACON station indicate an average horizontal velocity of
0.023±0.0001m/yr toward NE in 2 time windows between
2006 and 2008.
1 Introduction
At 32◦ SL, the Central Andes comprise three morphostruc-
tural units with N-S trends, west to east: Cordillera
Principal (CP), Cordillera Frontal (CF), and Precordillera
(P) (Fig. 1). The Western CP, where Aconcagua peak
is situated, is characterised by Jurassic, Cretaceous, and
Oligocene-Miocene continental volcaniclastic rocks intruded
by Miocene-Pliocene dikes. Structurally, it corresponds to
the Aconcagua fold and thrust tectonic belt (AFTB) inte-
grated by westward-verging reverse slip that experienced
combinations of compressional, extensional, and shear tec-
tonics throughout the Late Cenozoic (Giambiagi et al., 2003;
Charrier et al., 2007).
The Andean orogen is a result of the compressive regime
of the Nazca Plate subducting beneath the South American
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Plate. An increase in plate convergence rate was the re-
sponsible for the neotectonic evolution of this range 25Ma
ago resulting in the progressive building of the three mor-
phostructural units (Ramos, 1996). This compressive regime
continues uplifting the Andes range. A displacement of 3cm
per year has been measured on the Argentinean Precordillera
(Kendrick et al., 2006), whereas subduction rate at the study
area latitude had been estimated around 2cm per year (Cross
and Pilger, 1982). As Aconcagua peak (6962ma.s.l.) is the
main topographic expression of the Central Andes, a GNSS
Continuous Station was installed on it in March 2006 as part
of the SIGMA Program (Mount Aconcagua GNSS Research
System) that was focused on determining displacement and
the vertical component of velocity of this summit (Lenzano,
2006). However, this program now constitutes multidisci-
plinary researches (geodesy, geophysics, glaciology, geol-
ogy, and geomorphology). For example, glaciers’ volumetric
variations have been established by analysing satellite im-
ages and mass waste processes have been identiﬁed in the
Aconcagua Park (Moreiras et al., 2008). This research pro-
vides basic studies for the management plan of this natural
reserve (Blanco et al., 2007).
2 ACON installation: operation and data transmission
Given the extreme climatic conditions of the study area, in-
stallation of the ACON station was a laborious process. The
equipment (cables, batteries, solar panels, etc.) must operate
at temperatures below −35◦C, winds faster than 200km/h
and heavy snow precipitation; hence a very advanced tech-
nology must be implemented. For this purpose, the SIGMA
program called upon highly qualiﬁed human resources for
developing the infrastructure needed to supply power to the
equipment and to keep a data communications link function-
ing.
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Fig. 1. Mendoza Province 1(CP) 2(CF) 3(P).
Although the station was installed in March 2006,
(Lenzano et al., 2007) the power supply had some failures,
resulting in data loss. During the 2008 ﬁeld season, the
power supply system was optimized, without disregarding
easy transportation and simple assemblage. We installed an
energy controller connected to two parallel solar panels. The
controller consistently provides 12V to the GPS receiver.
Another panel connected to a second controller also provides
energytothereceiverthroughitssecondarypowerinput. The
station transmits data via line-of-sight radio link from the
summit to the Horcones park rangers’ central ofﬁce (Fig. 2).
Data is recorded daily on a PC, either manually or automati-
cally.
A third controller provides power to the data transmission
radio that is connected to an additional solar panel (third
panel). Finally, a fourth controller prevents overcharging
(i.e., greater than 14.1volts) to protect batteries and equip-
ment from excessive voltage. When batteries reach a charge
less than 11.5volts, the controller disconnects the power sup-
ply to the equipment. When the batteries recharge to 12.6
volts, the controller reconnects them to the equipment.
3 Data processing methodology
There is a network of permanent GPS stations that belong
to the SIRGAS (Sistema de Referencia Geoc´ entrico para las
Am´ ericas) (Fortes et al., 2005) in America. These stations
are installed and maintained by institutions working in SIR-
GAS member countries. The data acquired by these sta-
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Fig. 2. Station ACON. Data Transmission from the Summit.
tions are freely available on the Internet (http://sopac.ucsd.
edu/) (http://www.gnssargentina.org.ar/). Among the prod-
ucts available after processing the satellite data are coordi-
nates of each station and its velocity with respect to a spec-
iﬁed reference frame. It should be taken into account that
the period between the ﬁrst observation and the last one must
be sufﬁciently long to achieve a reliable and representative
velocity (Seem¨ uller et al., 2008).
In this study, we estimated the velocity of the ACON
station within a network of stations on the South Ameri-
can Plate, using the Bernese 5.0 software for the process-
ing. We included GNSS stations located on different zones
of the plate some in stable zone (for example in the eastern
Argentina and Brazil) and others in the zone of rapid dis-
placement (in western Chile) (Fig. 4). The following stations
were utilised: BRAZ (Brasilia – Brazil), BRTF (Fortaleza,
Brazil), CONZ (Concepcion – Chile), LPGS (La Plata – Ar-
gentina), MZAC (Mendoza – Argentina), SANT (Santiago
– Chile), SMAR (Santa Mar´ ıa – Brazil) and UNSA (Salta –
Argentina).
The data processing was divided in two stages. The ﬁrst
stage was pre-processing, in which ACON data were anal-
ysed individually considering the continuity of daily records
and selecting only those exceeding 12h of daily recording
(Fig. 3a). We obtained precise satellite orbits and terrestrial
orientation parameters calculated by the IGS (International
GNSS Service Terms of Reference), which allowed us to ob-
tain very accurate results. Station coordinates and velocities
used for the adjustment were from the SIRGAS solution for
the 2008 year (Seem¨ uller et al., 2008).
The second stage of data processing made use of
Bernese 5.0 software. For this we required: (1) a priori coor-
dinates calculated from SIRGAS velocities, (2) synchronized
clocks among satellite-receiver, and (3) manually generated
simple differences for the desired baseline vectors. Finally,
vectors were obtained by double phase differences that were
Adv. Geosci., 22, 169–172, 2009 www.adv-geosci.net/22/169/2009/M. L. Mateo et al.: Aconcagua peak geodynamics from GPS observations 171
Figures and figures legend 
 
Figure 1.  Mendoza Province 1(CP) 2(CF) 3(P) 
 
 
 
Figure 2. Station ACON. Data Transmission from the Summit 
 
 
 
Figure 3. a- Time serie data from the Acon GPS permanent station, b - Displacement vectors 
 
  7
Fig. 3. (a) Time serie data from the Acon GPS permanent station, (b) Displacement vectors.
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Fig. 4. Helmert Transformation.
adjustedasanetbythestrategyofNNRandNNTadjustment
(see below, Hugentobler et al., 2006), resulting ﬁnal station
coordinates and velocities.
4 Results
Our analysis allowed us to make preliminary estimates of the
coordinates and velocity of the ACON GPS station (Fig. 3b).
4.1 Adjustment of the net
The network was adjusted with Bernese GPS software 5.0,
based on the daily processed normal equation ﬁles. The net-
work was transformed into the IGS05 reference frame by
constraining the positions and velocities of four long-lived,
stable IGS stations (SANT, LPGS, BRAZ, UNSA) under no-
net-rotation and no-net-translation conditions. Selected link-
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Fig. 5. Velocity trends of SIRGAS station net and ACON station
(0.023± 0.0001m/yr).
ing stations have long observation histories supporting accu-
rate estimates for the coordinates and velocities of stations in
the local net (Seem¨ uller et al., 2008).
After the link of the network with the IGS05 reference
frame, our results were compared with a free net by a Helmer
transformation (Fig. 4). As differences are on average less
than10mm, wecanbeassuredthatthereferenceframetrans-
formation did not appreciably deform our net.
4.2 Displacement
A vertical displacement of 0.0065±0.0001m/yr could be
calculated for the Aconcagua peak evidencing its progress-
ing uplifting. Thus, we estimated a northern horizontal
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velocity 0.0162±0.0001m/yr and eastern horizontal veloc-
ity 0.0160±0.0001m/yr what results in an average horizon-
tal velocity of 0.023±0.0001m/yr for the ACON GPS sta-
tion (Fig. 5). Our estimated velocities of SIRGAS stations
used as control in our network (CONZ, MZAC, SMAR and
BRFT), are in good agreement with those calculated by SIR-
GAS(Seem¨ ulleretal., 2008), addingcredencetothevelocity
we estimated for ACON GPS station.
5 Conclusion and discussion
Our preliminary results indicate a mean velocity of
0.023±0.0001m/yr with NE trends at the ACON GPS sta-
tion. This range matches with previously established dis-
placements in the region, whereas the north-eastward az-
imuth of horizontal velocity at ACON likewise is consistent
with the earlier general results of SIRGAS study. Herein
these ﬁndings validate the regional SIRGAS framework;
however we hope to obtain more continuous and accurate
data in the next four years regarding plate motion in this area.
To achieve this purpose an extra continuous station will be
installed in the near future outside of the Aconcagua massif.
In addition, we are starting to develop gravimetric studies for
determining gravimetric anomalies in the study area.
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